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Objectives

* Develop a tool for optimal design of microseismic monitoring network using surface
and/or borehole geophones for cost-effective microseismic monitoring at geologic carbon

storage sites.

* Demonstrate an example application of the tool to the Farnsworth CO,-EOR field, Texas,
the field demonstration site of the Phase Il of the Southwest Regional Partnership on

Carbon Sequestration.
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Method

e Design an optimal monitoring network to

reliably locate induced microseismic events cost

effectively.

* Based on the relationship between the

hypocenter uncertainty of microseismic events
(red stars) within a target monitoring region
(red dashed box) and the geophone distribution

(blue triangles).

* Applicable to any geologic carbon storage sites
and other microseismic monitoring applications.

* Can use surface seismic stations and/or
borehole geophone arrays.
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NRAP Tool

. |£| Passive Seismic Monitoring Tool - O x
 The GUI of the NRAP |
e or the tool s NOTICE TO USERS:
. . Neither the United States Government, nor any of their employees, make any warranty, express or implied, or assumes any legal liablility or responsibility for the
d eS |g n e d by M AT R I C | IVI |d - accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute
I . h I h & or impoly its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authers expressed herein
At a n t I C Te C n 0 Ogy, Re S e a rC do not necessarily state or reflect those of the United States Government or any agency thereof.

Innovation Center, with
executable files from LANL

 Toolcan be run on Linux,
Windows, and Mac OSs

 GUIlis based onjava
 java-jar./NRAP_PSMT. jar
* Click “OK” button
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| £ Passive Seismic Monitaring Tool — O W

 The GUI of the NRAP toolis — |
designed by MATRIC | Mld- Passive Seismic Monitoring Tool - Main Page

| Enter Parameters |

At I a n t i C Te C h n O | Ogy’ Re S e a rC h & This NRAP tool is for optimal design of microseismic monitoring network using surface or borehole il O O N i "',"'-:.

geophones. User inputs include 1D/3D velocity models, the geophone distribution area and a target SRR

I n n Ovatio n Ce n te r’ W it h monitoring region. The tool outputs the standard deviation errors of microseismic event locations as " ; L 3

a function of the numbers of geophones within the geophone distribution area. The turning point of

. the standard deviation error curve corresponds to the optimal/cost-effective microseismic 4 E,.—i‘ o fig
executable files from LANL onitoring et > T

* Tool can be run on Linux,
Windows, and Mac OSs RUN SIMULATION s

e java-jar./NRAP_PSMT.jar - g
* Acknowledgments hAp

* References
NATIONAL - :r N ~
e User Manual ¥L TECHNOLOGY | LL ’ LOSAIamOS L
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E-mail: lih@lanl.gov
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NRAP Tool
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NRAP Tool
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NRAP Tool

. PSMT_User_Manual.pdf - Adobe Acrobat Pro DC - m] X
Home Tools Document 3‘2{ 9 (=4 O\ () 1 /8 LT:J V4 Q.’. f> m
o g 2
0 R
@ a=
&
Manual
Optimal Design of Microseismic Monitoring Network N
for National Risk Assessment Program 0
b
Yu Chen, Ting Chen, Kai Gao, and Lianjie Huang =
4 4
/v
Los Alamos National Laboratory °
Geophysics Group, MS D452
Los Alamos, NM 87545
USA
Passive Seismic Monitoring Tool - o x
File
Passive Seismic Monitoring Tool - Main Page
ThlS NRAP tool is for optlmal d951g11 of mlcroselsmlc monltorlng network . I» 9
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NRAP Tool

| £)| Passive Seismic Monitoring Tool — O W
 Fie|
Plot Resultout Passive Seismic Monitoring Tool - Main Page
Save Sim
Run Sim | Enter Parameters |
e Ab?n Siw ~ [tool is for optimal design of microseismic monitoring network using surface or borehole s T
I‘E Exit ;pnlllcano“ [User inputs include 1D/3D velocity models, the geophone distribution area and a target A : e : p : : : Ju

monitoring region. The tool outputs the standard deviation errors of microseismic event locations as
a function of the numbers of geophones within the geophone distribution area. The turning point of

Plot Result.out the standard deviation error curve corresponds to the optimal/cost-effective microseismic el I
monitoring network. ol [ < £

DERE BE B BE B |
[y

Save Sim

Run Sim
Abort Sim
Exit Application

D'l— r‘.a. _— =

RUN SIMULA“ON Version: 2020-05-13

1_-[ Main Contact: Lianjie Huang

E-mail: lih@lanl.gov

| Acknowledgements |

| References |

| User Manual |
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NRAP Tool

| £ Passive Seismic Monitaring Tool — O W
Fle| Return To Main Page

Plot Resuit.out Geophone Dist Area Monitoring Region

neter for a target monitoring region

* Save parameters (Save Sim) ¢

ADOTT Sim - .
o eter for a target monitoring region

Exit Application
South bound in meter for a target monitoring region

|
|
. . . |
i R u n S I m u I a t I O n ( R u n SI m ) North bound in meter for a target monitoring region | 700~
|
|

Top depth bound in meter for a target monitoring region

Bottom depth bound in meter for a target monitoring region
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NRAP Tool

e Save parameters (Save Sim)
* Run simulation (Run Sim)

* Progress bar shows the job
progress

|£| Passive Seismic Monitoring Tool — O *
File
Passive Seismic Monitoring Tool - Main Page
| Enter Parameters |
This NRAP tool is for optimal design of microseismic monitoring network using surface or borehole 2
geophones. User inputs include 1D/3D velocity models, the geophone distribution area and a target -~ : v : v : v %
monitoring region. The tool outputs the standard deviation errors of microseismic event locations as : w0
a function of the numbers of geophones within the geophone distribution area. The turning point of T
the standard deviation error curve corresponds to the optimal/cost-effective microseismic 4 i,-f_yf N
monitoring network. % ,ir_ ol | N < £
1 1 Version: 2020-05-13
Main Contact: Lianjie Huang
E-mail: lih@lanl.gov
| Acknowledgements |
| References |
| User Manual |
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NRAP Tool

| £ Passive Seismic Monitaring Tool — O W
Fle| Return To Main Page

( Plot Resuit.out ) Geophone Dist Area Monitoring Region
Save Sim

L]
[ ) P I Ot res u |t ( Res u |t I S Run Sim eter for a target monitoring region | 300~
Abort Sim eter for a target monitoring region | 700~
O Exit Application
a uto m at I Ca | |y p | OttEd afte r South bound in meter for a target monitoring region | 3001~
MNorth bound in meter for a target monitoring region | 7001
L ] L ]
t h e J O b I S C O m p I et e d ) Top depth bound in meter for a target monitoring region | 300 ‘
[ ]
Bottom depth bound in meter for a target monitoring region | 700 ‘
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NRAP Tool

e Result of the three-layer
model
* Eight seismic stations are

needed for cost-effective
microseismic monitoring

|£| Data Plot
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Farnsworth CO,-EOR Field: SWP Phase lli

(From: https://www.netl.doe.gov/coal/carbon-storage/atlas/swp/phase-lll/farnsworth)

/ﬁArkalon Ethanol Plant KANSAS Coffeyville Fertilizer Plant
[=]

- KEY PARAMETERS

- i FOR
! [} North Burbank

° L]
Koch Fertiliz lant
- %

FARNSWORTH
UNIT

/] h| 0

Farnswort

Depth: ~7,750 TD

Thickness: ~6.9 meters
l Agrium Fertilizer Plant OKLAHOMA (~22.5 feet)

* Porosity: ~15%

Permeability: ~65 mD,

* NW Velma Hoxbar but highly variable
Pressure: ~4,200 psi

Temperature: ~168°F
.. Oil API: ~406
TEXAS
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Target monitoring regions
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Target monitoring regions

Reservoir: Cylinder region: Radius of 1.6 km from the
monitoring well; Depth range between 1.2 km and 3.0 km.

Faults: 5 km long; Depth range between 1.2 km and 3.0 km.

W e design synthetic microseismic events with an interval of
0.2 km for the reservoir and 0.2 km for the faults.

There are 1737 synthetic events (red) in the reservoir
volume and 520 synthetic events (blue) along the faults.

We invert locations and focal mechanisms of synthetic
events, and compute standard deviation errors of locations
between synthetic events and inverted events.




Surface network design

There is a borehole monitoring array with 16 3-C
geophones spanning from 1.6 km to 2.1 km

W e design a square area with a side of 5 km.

N X N surface geophones are evenly distributed in the 5 km
X 5 km area.

N is from 2 to 7, corresponding to 4 to 49 surface
geophones.

Standard deviation error of traveltime picks/velocity errors
IS 25 ms. Assume a normal distribution of the errors.




Location SDE (Reservoir)
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O surface seismic receivers are
needed for microseismic event
location In the reservoilr.

Standard deviation error (SDE)
IS approximately 21 m for 9
surface stations and 16.1 m for
16 stations.



Location SDE (Faults)

200 : :

e 16 surface seismic receivers are
needed for microseismic event
location along the faults.
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Focal mechanism SDE (Reservoir)
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25 surface seismic receivers are
needed for focal mechanism
inversion of microseismic events in
the reservoir.

Standard deviation errors are
approximately 4 deg for double-
couple component and 5 % for non-
double-couple component.



Focal mechanism SDE (Faults)
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25 surface seismic receivers are
needed for focal mechanism
inversion of microseismic events
along the faults.

Standard deviation errors are
approximately 7 deg for double-
couple component and 9 % for non-
double-couple component.



Locations of 25 seismic stations

No. X(m) Y(m) Lon(deg) Lat(deg)

1-2.50-2.50-101.03864036.241077
2-2.50-1.25-101.03864036.252339
3-2.50 0.00-101.03864036.263600
4-2.50 1.25-101.03864036.274861
5-2.50 2.50-101.03864036.286123
6-1.25-2.50-101.024674 36.241077
7-1.25-1.25-101.024674 36.252339
8-1.25 0.00-101.024674 36.263600
9-1.25 1.25-101.024674 36.274861
10-1.25 2.50-101.024674 36.286123
11 0.00-2.50-101.010707 36.241077
12 0.00-1.25-101.010707 36.252339
13 0.00 0.00-101.010707 36.263600

No. X(m) Y(m) Lon(deg) Lat(deg)

14
15
16
17
18
19
20
21
22
23
24
25

0.00 1.25-101.010707 36.274861
0.00 2.50-101.010707 36.286123
1.25-2.50-100.99674036.241077
1.25-1.25-100.996740 36.252339
1.25 0.00-100.99674036.263600
1.25 1.25-100.99674036.274861
1.25 2.50-100.99674036.286123
2.50-2.50-100.98277436.241077
2.50-1.25-100.98277436.252339
2.50 0.00-100.98277436.263600
2.50 1.25-100.982774 36.274861
2.50 2.50-100.982774 36.286123



Updated with a given geophone distribution

Standard Deviation Errors (SDE) for the scenario in the
figure on the right:

e SDE of event location for the reservoir: 15.5 m
e SDE of event location for the two faults: 17.2 m

* SDE of focal mechanism for the reservoir: 5 degree
(DC); 7% (Non-DC)

e SDE of focal mechanism for the two faults: 7 degree
(DC); 10% (Non-DC)
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Summary

An NRAP tool on optimal design of microseismic monitoring network is
available at NETL EDX for geologic carbon storage and other microseismic
monitoring applications: https://edx.netl.doe.gov/user/register.

The example application of the tool to the Farnsworth CO,-EOR field
shows that

e 9 surface seismic stations are needed for microseismic event location in
the reservoir and the faults.

e 25 surface seismic receivers are needed for focal mechanism inversion
of microseismic events in the reservoir and the faults (this capability is
not included in the current release of the tool).


https://edx.netl.doe.gov/user/register

Thank you! -N-R.A-P

Comments and Questions:

National Risk Assessment Partnership

NRAP@NETIL.doe.gov

NRAP Website: https://edx.netl.doe.gov/nrap/

Sign up for NETL EDX: https://edx.netl.doe.gov/user/register
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